Introduction
The prehospital setting provides many challenges to patient assessment in a variety of clinical surroundings. One of these challenges includes the visual estimation of external blood loss. The estimation of external blood loss may affect the fluid resuscitation regime in conjunction with other physiological signs for patients in the prehospital setting, as well as dictating the continuing hospital trauma management. 1 Physiological parameters, such as pulse rate and blood pressure, may take some time to manifest, which is particularly important in patients with diminished compensatory mechanisms such as for pediatric and geriatric patients. This also would represent clinical significance in multiple casualty incidents in which multiple patients would require urgent triage and transport categorization. Victorino et al found that tachycardia was a poor predicator of hypotension and should not be relied upon in the early assessment and management of the trauma patient. 2 The paramedic estimation of external blood loss long has been assumed to be based upon pragmatism, clinical experience, and educational qualifications.
Previous studies using experienced paramedic personnel have demonstrated consistent findings that paramedics, generally, are too inaccurate in determining external blood estimation to be of any significant clinical benefit. 1,3,4 Similar Abstract Objectives: There are many patient assessment challenges in the prehospital setting, especially the estimation of external blood loss. Previous studies of experienced paramedics have demonstrated that external blood loss estimation is highly inaccurate. The objective of this study was to determine if undergraduate paramedic students could accurately estimate external blood loss on four surfaces commonly found in the prehospital environment. Methods: This prospective, observational, blinded study used a convenience sample of undergraduate students studying at Monash University during 2006. Students were provided with four clinical vignettes using four different surfaces and varying simulated blood amounts. Results: Accurate estimation occurred with the vinyl simulation (100 ml), with a mean value of the estimations of 98 ml (95% Confidence Interval (CI) 84-113 ml). Carpet and concrete surfaces were both associated with large under-estimations. The carpet simulation (1,000 ml) had a mean value for the estimations of 347 ml (95% CI 320-429 ml). The concrete simulation (1,500 ml) had a mean value for the estimations of 885ml (95% CI 771-999 ml). Conversely, the clothing simulation (500 ml) emphasized over-estimation, with a mean value for the estimations of 1,253 ml (95% CI 1,093-1,414 ml). There was no relationship between increased accuracy and clinical experience, exposure, educational qualifications, or age of students. Conclusions: External blood loss estimation by undergraduate paramedic students generally is too inaccurate to be of any clinical benefit. Particularly, absorbent and impermeable surfaces precipitated inaccuracies by undergraduate paramedic students. Students were provided with four clinical vignettes using different surfaces and varying simulated blood amounts. Four surfaces where external blood loss is commonly observed in the prehospital setting were chosen: (1) vinyl floor; (2) carpet; (3) concrete; and (4) clothing. The students were given four separate scenarios prior to observing the artificial blood on the respective surface. The scenario, surface, and amount of blood used are listed in Table 1 .
The primary outcome was to assess if undergraduate students could accurately estimate external blood loss of varying amounts on various surfaces. The secondary outcomes were to identify if there was a difference in the estimations between younger and older students, if there was a difference in the estimation between students who had some on-road, clinical exposure and those who did not, and if there were any disparities between students from different undergraduate programs.
Analytical statistics were used to report the student demographics with comparisons between groups using a 2-tailed, unpaired t-test with a Levine's test where there were unequal variances between the groups. The results were considered statistically significant if the p-value was <0.05. Statistical analysis was undertaken using SPSS (Statistical Package for the Social Sciences Version 14.0, SPSS Inc., Chicago, IL).
Participation in the study was voluntary. Ethics approval for the study was granted by the Monash University Standing Committee on Ethics in Research Involving Humans. Each participant also had additional, demographic data collected; this consisted of their age group, their course, and year of the study.
Results
There were 199 students who participated in the study. The majority were in the 21-30 year age group ( Figure 1) , with most students from the BEH course in their second year of study.
The mean values for the students'estimates were closest to the actual amount in the vinyl scenario and were most inaccurate for the carpet scenario. Even though the mean value is close to the actual amount for the vinyl scenario, the range and standard deviation demonstrate that there is a large variation in the estimates from all of the students ( Table 2) .
The range and standard deviation for all estimations demonstrate that there is a large variation in the estimates by the students regardless of age, on-road experience, and/or educational qualifications ( Table 3) .
The students who were <21 years of age (n = 22) equally were likely to over or under-estimate on all surfaces, whereas students >21 years of age (n = 177) were more likely to underestimate on all surfaces except for the clothing scenario ( Table 4) .
The students who had some on-road clinical experience (ranged from 6-18 months) (n = 99) again were more likely to underestimate when compared to students who did not have any on-road clinical experience (n = 82), who equally under or over-estimated (Table 5) .
The students who were enrolled in the DAPS course (n = 121) were more likely to underestimate, except in the clothing scenario. The BEH students (n = 71) equally were likely to over or underestimate (Table 6) . results also are found in comparable studies and reports, including estimations by doctors, nurses, and midwives. [5] [6] [7] [8] [9] [10] No other studies have investigated whether preemployment (pre-registration), undergraduate, paramedic, university students can accurately estimate external blood loss or whether university students' lack of experience and exposure makes them less accurate. No formal integration of previous research in this area has been included in undergraduate paramedic learning objectives.
The objective of the study was to determine if undergraduate paramedic students could accurately estimate external blood loss on four surfaces commonly found in the prehospital environment.
Methods
This study was a prospective, single-blinded, observational study that used a convenience sample of students (n = 199) during two university semesters in 2006. No sample size calculations were conducted. However, the numbers in this study are significantly greater than were used in other paramedic-based studies. 1, 3, 4 The participants consisted of undergraduate paramedic students attending an undergraduate university course. There were two groups of students. The first group were those who were undertaking their course prior to employment (pre-registration)-the Bachelor of Emergency Health (BEH). The second group were those who were employed (post-registration) by an ambulance service and were undertaking their course using on-the-job and offthe-job training-the Diploma of Ambulance Paramedic Studies (DAPS). The BEH course is a paramedic preemployment (pre-registration) degree that is offered over three years with approximately 20 weeks of clinical placement time. Year 1 of the BEH has no clinical placements; therefore, no on-road exposure is gained. The DAPS is an industry-funded, undergraduate course offered over three years that combines classroom study (27 weeks) with substantial clinical placement education and training (120 weeks). These students have been exposed to significantly more on-road time and subsequently have gained more clinical experience than BEH students. All students were at varying levels of their education.
Simulated blood was used in all simulations to reduce possible infection or disease transfer. Lifeform® simulated blood was used with added glucose and corn syrup to increase the viscosity, so it was similar to human blood. Location and standard objects were incorporated into simulations to provide realism and scale. Each scenario physically was separated from the others with each participant viewing each simulation scene randomly.
Participants were asked to visually observe the artificial blood; no touching or other techniques were allowed. The participants were asked to estimate the amount of blood in milliliters or liters, and were not permitted to give an amount range. Results were entered onto a data collection form. The participants were not permitted to change an answer after they had viewed a previous scenario.The students were given approximately 30 seconds to provide their answer. Estimation of External Blood Loss Surface Scenario Amount of blood (ml) Vinyl Mrs. Jones, a lady in her 80s, suffered a ruptured varicose vein while in her kitchen; you notice the blood on a vinyl floor. 100 Carpet A person had been struck over the head several times with a baseball bat and had been removed just prior to your arrival, you notice the blood on the carpet. 1,000
Clothing A person had been stabbed twice in the left axilla region and is semi-recumbent against a wall; blood is obvious on the clothing with some running away from the body over the asphalt.
500
Concrete A person was working on the side of a building and fell >5 m, hitting the left temporal region of the head on the ground; the person could have been on the ground for some time.
1,500 
Williams, Boyle 505 Discussion
This study demonstrates that undergraduate paramedic students, overall, are imprecise at estimating external blood loss on a variety of surfaces. Age, clinical exposure and experience, and educational qualifications have no influence on estimation accuracy. These findings have educational implications for undergraduate paramedic curriculum, education, and training requirements.The inaccurate estimations in this study also are supported by other prehospital studies, 1, 3, 4 and additionally in other allied health professions. [5] [6] [7] [8] [9] [10] Generally, students were accurate with their estimations on the vinyl surface. Moscati et al found similar findings in the study, where students estimated differing amounts on porous and non-porous surfaces. 1 Of note in the study by Tall et al was that paramedic participants over-estimated blood loss on the vinyl surface. Significant under-estimation occurred with the carpet and concrete scenarios. 4 Estimations on porous surfaces seem to suffer from underestimations in other studies also. [4] [5] [6] 10 In the study by Tall et al, 75% of the sample group under-estimated the blood volume on the carpet scenario by >50%. 4 Substantial under-estimations also were found by Duthie et al, in which midwives estimated blood loss following normal delivery in primiparas and multiparas. 6 Similar findings also were found in the prospective study by Beer et al, in which participants estimated epistaxis blood loss on absorbent surfaces. 10 Significant over-estimation occurred with the clothing scenario. Similar findings were found by Tall et participants overestimated blood loss on a clothing scenario. 4 No other studies were located that used a clothing scenario. Importantly, Razvi et al found that with smaller amounts of blood, participants tended to overestimate, while the underestimation occurred with larger amounts. 8 The current study suggests that underestimation occurred on volumes of 100 ml, 1,000 ml, and 1,500 ml, with overestimation occurring with 500 ml, therefore suggesting that surfaces, not blood volumes, are more important in clinical estimation assessments.
Little et al found that pulse rate, especially a tachycardia, was a poor predictor of blood loss when investigating the use of "vital signs" as an indicator. Furthermore, they found that blood pressure also was unreliable, as the blood volume may have been reduced by 20% or more before a reduction in blood pressure was observed. 11 Therefore, an estimated amount of external blood loss may indicate potential fluid resuscitation requirements and also may determine if the patient requires transport to a trauma center and whether trauma team activation is required.
With the continued interest and demand in paramedic degrees, the age range and diverse backgrounds of students entering the programs have increased. General perceptions exist that the age of students directly relates to experience and capacity to undertake paramedic clinical roles. No other studies were identified that directly compared age of participants. The paramedic educational climate in Australia is changing, with most ambulance service providers moving towards higher education degrees and pre-employment (pre-registration) models. It was important to include this age comparison since many of the undergraduate students generally are much younger than in previous years. In this study, students <21 years of age were compared to students >21 years of age, and the findings suggested that while both groups were inaccurate, students <21 years of age were slightly more accurate with the estimations.
Australian paramedic education and training has, and is, undergoing significant ideological change from vocationalbased training to tertiary-based education. Many ambulance services and affiliated universities are moving from an undergraduate diploma (post-registration) to an undergraduate degree (pre-registration). Students now are taught using higher-education teaching principles, moving from teacher-centered didactic approaches to a more contemporary student-centered approach, requiring significantly more motivation, discipline, and emancipation. Notwithstanding this, some opinion exists that pre-employment students do not have the experience or exposure, and would have less capacity to be accurate with clinical assessments, such as estimation of external blood loss. The findings in this study suggest that BEH students were more accurate in their estimations on most surfaces compared with DAPS students. Other studies sampled qualified paramedic staff. 1, 3, 4 However, no other studies specifically have analyzed paramedic pre-employment (pre-registration) versus postemployment (post-registration) students. Therefore, these findings are important in the evolution of pre-employment education in Australia.
Interestingly, clinical experience and exposure was not a determining factor in improving estimation accuracy. This apparent dichotomy also was highlighted in several other studies. 1, [3] [4] [5] [6] [7] [8] 10 Of significance, Dildy et al found that estimation error did not improve with those paramedics with clinical experience even after didactic teaching sessions on estimating external blood loss had occurred. Therefore, reinforcing that clinical experience is not important in assessing blood loss estimates. 5 The study has several limitations. First, the use of artificial blood lacked the realism of normal blood with its normal coagulation and viscosity properties. As several of the scenarios were undertaken outside, the artificial blood in areas partially was dried from the warm weather, therefore reducing some of the realistic nature of the blood. Finally, the use of participants with limited on-road experience made it difficult to make a more informed comparison of experience versus non-experienced paramedics.
Conclusions
The findings from this study support those of previous studies that visual estimations of external blood loss by paramedics generally are too inaccurate to be of any clinical benefit. Results from this study empirically will inform paramedic and other allied health faculty in the development of education sessions to better prepare undergraduate students for the issues involved in estimating external blood loss. However, this study does highlight pertinent teaching points that should be included in all national and international paramedic education and training curricula.
